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SUMMARY

In continuation of the effort to find
adequate flexible materials for packag-
ing irradiated foods, five commerecially
available plastic laminates were
sereened for in-package radiation ster-
ilization proecessing of bacon, ham and
pork. One plastic laminate was trans-
parent. The food-contaeting materials
were: medinm density polyethylene,
high density polyethylene, and poly-
{vinyl ehloride}. All samples were
packed under vacuum.

Control samples were non-irradiated
meat products in flexible pouches
(stored at —29°C). The test samples
were the meat products packaged in
flexible pouches, irradiated at 4.5-5.6
Mrad, Cobalt-60 radiation, and stored
at 23°C and 509 R. H. for & 12-month
period.

RBvaluation phase of the investiga-
tion ineluded observations for odor,
leakage, and color changes and defer-
mination of the physieal changes in
flexihle pouches—heat seal strength,
burst strength, and bond strength. Each
meat product was subjected to organo-
leptic and chemical testing, At the
end of six months, four of the flexible
packaging materials were removed
from the storage study becaunse of off-
odor and/or off-color that developed
in the meat produets. Swelling of these
pouches was not observed; however,
pinholes, delamination and loss of
vacuum were noted in the pouches.

One laminate, employing medinm
density polyethylene as the food-
contaeting material, was found to be
satisfactory for packaging the three
meat products and their storage over

the one-year period. Changes in phys-
ieal properties of pouches did not affect
their functional performance. Prefer-
ence seores, obtained from an organo-
leptic evaluation, indieated that the
produets were acceptable. Storage
time had no pronounced effeet on or-
gancleptic acceptability.

INTRODUOTION

The main objective of the Packag-
ing Task of the U. 8. Army Radiation
Preservation of Foods Program is to
develop flexible light-weight confain-

ers, capable of withstanding rough.

handling and storage, which retain
protective qualities after storage with-
out any adverse effects on the food.
Flexible laminate eontainers with alu-
minum foil as an oxygen barrier
showed promise in fulfilling the severe
requirements (Tripp, 1962).

When the Radiation Laboratory at
U. 8. Army Nafick Laboratories be-
came operational in November 1962,
packaging research was directed
toward :

(a} determination of the extractives
and other fragmentation eom-
pounds of various food packag-
ing polymeric materials result-
ing from ionizing radiation;
and

{b) -development of flexible con-
tainers with chemical, physical
and protective characteristics fo
meet the overall requirements
(Payne and Spiegel, 1964;
Payne and Long, 1965).
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The extractive dats were used in a
pefition submitted by the Arymy to the
Food and Drug Administration to per-
mit the use of six polymeric materials
as a food-contacting film in fexible
containers for prepackaged foods,
gamma irradiated to 6.0 megarad {Ad-
ams, 1965). In support of the above
research on the development of flexible
containers, 'a, food pack study was eon-
ducted at ‘Natick Labhorafories by
sereening five eommercially available
plastie laminates for in-package radia-
tion sterilization processing of bacon,
ham and pork. Exiractives data ob-
tained from these laminates indicated
that six megarad of gamma radiation
caused no significant change in extrac-
tability of these materials (Garloek,
1864; Wierbicki and Killoran, 1966).

EXPERIMENTAL METHODS

Packaging. The packaging mate-
rials used in this study are listed in
Table 1. Prior to fabrication of
pouches optimum heat sealing condi-
tions (temperafure, pressure, dwell
time) were established from heat seal
data obtained with a Sentinel Model
24A heat sealing machine. Filled
pouehes were hermetically sealed on
a Flex-Vae 6-9 machine, the gauge
reading being set at 28 in. vacaum Hg.

Meat Products. Boneless rolled
smoked ham was cub into slices with
a diameter of 5 in. and a thickness
of 14 in. Each pouch {8 in. X 7 in.}
contained 2 slices weighing about
150 g. Boneless pork loins (U.8. No.



Table 1. Packaging materials evaluated.

VBA-1144).

20 at

Fabron Ine: 0.5 mil 50 A Mylar/0.56 mil Al foil/2 mil poly(vinyl chloride).® (Union Carbide

3M: 80 1b paper/0.85 mil Al foil/0.5 mil polyethylene/0.35 mil Al faeil/2 mil Scotchipak 20A5.7
Phillips: 30 Ib paper/0.85 mil Al foil/1 mil Mariex TR-515.%

3M: 0.3 mil Al foil/80 1b paper/2 mil Scotchpak 20A5.*

3M: 4.5 mil Transparent Scotchpak 4542728

2 Food contacting film,

1) were trimmed, enzyme insctivated
by steam heating io center tempera-
fure of 74°C, cooled quickly to 5°C,
and packaged. Hach pouch (11 in. X
7 in.) contained 6 pork loin slices,
each 14 in, thick, weighing about
175 g. Premium guality regular sliced
bacon weighing 1 1b was packaged in
11 in. X 8 in. pouches.

Radiation. Cobalt-60 radiation was
performed at the Food Radiation
Laboratory, U.S. Army Natiek Lab-
oratories. Prior to radiation, the pre-
packaged ham, baeoen and pork loin
test samples were stored at refrigera-
tion temperature (3°C). Radiation
was performed at ambient room tem-
peratare, Increase in  temperature
during radiation was about 20°C.
Dose rate was 5.3 X 10* rads per min,
Radiation procedure and dosimetry
methods were reported previously by
Jarrett (1965).

Storage. Irradiated pouches were
stored at 23°C and 509, R.H. Non-
irradiated frozem eontrol containers
were stored at —29°C. Withdrawals
for testing both packaging material
and food were made at the end of
10, 40, 100, 190, 260 and 365 days.

Packaging Braludtion. At each with-
drawal period evaluation of pouches
included :

(a) inspection for swells, pinholes

and delamination;

{b) leakage test by submerging
pouch and maintaining a vae-
uwom of 25 in. Hg for 20 sec
for detection of gas bubbles;

{¢) free space or theoretieal vac-
uum by the method of Pratt
and Kneeland (1965);

{d) oxygen content of headspaee
gas with a Fisher Parfitioner;

(e) seal strength of side seals (ma-
chine direetion of stock); and

(f) bond strength in the body area
between the foil and the food-
contacting film.

Both seal and bond strengths were
performed by the method deseribed
by Payne and Long (1965). A limited
number of infrared spectra were re-
corded with a Beckman TR-9 grating
spectrophotometer for irradiated and
frozen eontrol food-contacting filns

from Pouch B. Complete specira were
recorded for the interpretation of the
functional group changes in the solid
phase using the multiple attenuated
total refiectance technigue (Hermann,
1965},

FOOD EVALUATION

Toxicity Test. Mouse toxicity tests
for detection of Closiridium botu-
limym toxin In irradiated samples
were performed Immediately prior
to organdleptie testing (Whitehair
et al., 1964). Total plate counts were
determined coneurrently with the tox-
icity tests.

Organoleptic Test. The three meat
produets were tested by an eight
member expert technical panel, Sam-
ples were scored for intengity of dis-
coloration (ham), off-odor, off-flavor,
mushiness (ham and pork), friability
(ham}, and radiation flavor on a
O9-point secale (1—None, to 9—Ex-
treme). In addition, panelists seored
the meat products for preference on
the 9-point hedonie seale {Peryam and
Pilgrim, 1957). Ham and pork were
served without heating. Bacon was
oven-fried and served warm. §

Chemical Analyses. Both irradiated
and frozen control samples were sub-
jected to chemical analyses for pH,
thiobarbituric aeid fest (TBA), per-
oxide value, and free fatly acid.
(TBA values are mg. of malonalde-
hyde of sample; peroxide values are
milliequivalents of peroxide per kg
of extracted fat; free faity aeid
values are percent as oleic acid.)
Sample preparation and analytieal
procedures were described by White-
hair ef al. (1964).

RESULTS AND DISCUSSION

For comvenience in diseussing the
results, the aspects of investigative
interest ean be divided into packag-
ing evaluation, headspace gas dats,
infrared spectrophotometric analysis,
and chemical and organoleptic evalua-
tion of the foods.

Packaging Evalnation. Pouck B
(Table 1) with medium density poly-
ethylene as the food-confasting flm
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was found to be satisfactory for
packaging the three meat products -
and their storage over the one-year
period. At the end of 6 months, ir-
radiated pouches A, C, D and E
(Table 1) were removed from the
pack test because of off-odor and/or
off-flavor that developed in the three
meat produets. Neither swelling nor
leakage was observed in these
pouches. However, loss of vacuum
and ‘delaminafion were noted. Spe-
cifically, the principal defect in each
of the pouches tested was:

Pouch A—adhesive strength be-
tween foil and food contacting film
was destroyed by the radiation to
cause delamination.

Pouch C—a very weak pouch be-
cause of thin film in contaet with food.

Pouch D—position of paper in
pouch made it very susceptible to
oxygen wicking info package around
its perimeter.

Pouch E—During the first 30 days’
storage the three meat produets were
highly discolored; a response attribu-
table to the transparent pouch.

Table 2 shows that radiation caused
a reduction in seal strengths of all
pouches tested. For example, seal
strength of irradiated pouch B was
309, less than that of frozen control.
Table 3 indicates that over the ome-
vear storage period seal strengths of
both irradiated and control pouches
B with the fatty meat product (ba-
con) decreased by almost 50%. Table
4 shows that seal strength of pouch
A with bacon decreased about 19
over the one-year storage period. De-
crease in seal strength was also found
with ham ‘and pork, though to a lesser
extent, in pouch B. The relatively
low seal strength of pouch C with
high density polyethylene film in con-
taet with the food was attributed to
the thin gauge film {1 mil).

Bond strength and Mullen - hurst
strength data for pouches A, B, C
and D are presented in Table 5. Bond
strength of pouck A with poly(vinyl
chloride) in contaet with the foil de-
creased ahout 609 after irradiation.
This severe reduction ig attributed fo
the loss of adhesion in the bonding
agent as a resuli of radiation. Radi-
ation had but a slight effect on the
hond strengths of pouches B, C and
D. The relatively high bond strength
of pouch B ig noteworthy.

Radiation caused about 202 in-
crease in burst strength of pouch A,
a 209, deecrease in pouches B and DD,
and a 409 decrease in pouch C. The
percentage of decrease in pouch C is
not considered reliable because of the
inherent weakness afiributed to the



1 mil  thickness of food contacting
film in this pouch.

Headspace Gas and Oxygen Con-
tent. The non-destruetive test method
of weighing pouches under water may
be used to caleulate free space or the

“volume of headspace gas after radia-
tion and storage. Thus, a eomparisen
of the volume of headspace gas in ir-
radiated and frozen control samples
s a measure of the volume of jrradi-
ation induced gases. Typieal data on
volume of residual gas snd oxygen
content of irradiated and frozen con-
trol meat samples in pouch B are
shown in Table 6.

Total headspace gas deereased and
oxygen content increased during stor-
age.

Pratt and Kneeland (1965) identi-
fied hydregen as the prineipal gas
produced in foods as a result of radi-
ation processing; other gases, such as
CO, CQ. and CH., were present in
small amounts. In the same study
they reported that in an irradiated
foil Iaminated type poueh containing
ham, the hydrogen content of the
headspaee gas decreased from 479
to less than 19, during storage; on
the other hand, in an irradiated tin-
plated eontainer with harm, the hydro-
gen content of the headspace gas did
not change during storage. It was
conjectured that hydrogen was lost
through the seal area along the pe-
rimeter of the pouch and to a lesser
extent through pinholes in the foil.
Inerease. in oxygen content was at-
tributed to oxygen transmission into
pouch from surroundings or “in-
‘ereased percentage” of headspace gas
brought about by preferential loss of
hydrogen.

Infrared Spectroscopic Examina-
tion. Since changes in physical prop-
erties of irradiated packaging films
reflect radiation-induced chemical
changes in molecular strueture, an
investigation was performed by infra-
red speetroscopic analysis of subject
films before and after radiation. Fig.
1 shows the infrared speetra of the
medium density polyethylene (pouch
B) as recorded on a Beckman IR-9
spectrophotometer modified for mualti-
aftenuated total reflectance measure-
ments.

Significant changes were noted in
the type and distribution of unsatu-
rated groups. The presence of oxygen
during radiation had a marked infla-
ence on the structural rearrange-
ments. Strongly absorbing trans-fype
unsaturation {CH = CH) bands at 964
em™ appear in the spectra after radi-
ation. Vinylidene deeay on irradia-
tion is shown by a decrease in the

Table 2. . Seal strength * of pouches containing ham—irradiated versus frozen control.

Radiation Beal streagth, g/lineal in. width
Pouck dose
type (megarad) 10 days 40 days 104 days 190 days 265 days
A None 4580 4520 4510 4550 4500
A 4.5 3650 3690 3640 3v20
B None 3210 8240 3175 3120 2830
B 4.5 2290 2275 2283 2255 2190
e} Nane 2250 2225 2200 2030 1910
C 4.5 1870 ~1928 1850 1830 ..
D None 3275 3800 3290 3200 2000
D 4.5 2476 250¢ - 2520 2430 .
] None 8500 8560 8440 8360 8210
E 4.5 7360 7350 7290 7270 ..
® Ten specimens fested; standard deviation: =180.
Table 3. Seal strength of “Pouch-B” after storaga.®
Radiation Seal strength® ¢ g/linesl in, width
dose
Confents {megarad) 10 days 40 days 100 days 190 days 260 days 365 days
Bacon None 3180 3175 2740 2460 2100 1700
Bacon 4.5 2270 2290 2040 1845 1445 1142
Ham None 3210 3240 3175 3120 3010 2880
Ham 4.5 2290 2275 2288 2255 2235 2190
Pork None 3190 3210 3180 5175 3140 3004
Pork 4.5 22858 2520 2290 2240 2150 2185

2 Irradiated samples stored at 23°C; 509 R.H.
L Tested in iransverse direction; gezling conditions: Temp 275°C, pressure 40 psi, dwell time

1 see.

¢ Ten specimens tested; standard deviation : =180,

Table 4. Seal strength of ““Pouch-A” after storage.

Radiation Sesl strength ® ¢ g/lineal in. width
daose

Contents Megarad 10 days 40 days 100 days 180 days 365 days
Bacon None 4540 4560 4490 4530 4484
Bacon 4.5 3680 3700 3710 3675
Ham None 4580 4520 4510 4590 2500
Ham 4.5 3650 3690 3640 3720
Pork None 4520 4510 4560 4580 449G
Pork 4.5 3700 3650 3740 3880 ...

# Irradiated samples stored at 23°C, 50% R.H.; frozen control at —29°(.
P Tested in transverse direction; sealing conditions: Temp 216°C, pressure 40 psi, dwell 1 sec.
¢ Ten specimens tested; standard deviation: =1B0.

Table 5. Effect of radiation ol.n bond strength® and burst strength.

Radiation dose

Bdﬁd strength 2

Mullen burst strength,? psi

Pouch {megarad} 10 days 190 days 10 days 180 days
A 0 426 890 72 89
A 4.5 160 145 a0 81
B [ T20 680 72 65
B 4.5 750 705 55 58
Ce 0 200 170 27 22
Qe 4.5 1%0 165 15 10
D 0 230 200 75 64
D 4.5 210 195 48 54

2 g/linea? in. width; 10 specimens, standard deviation of mean: 22,

b 10 specimens, standard deviation: 6.
¢ Tore during test.

Table 6. Pouch B—volume headspace gas and oxygen content during storage,

Oxygen content b

Storage Headspace gas,® ml/100g

Meat period TIrradiated
product {days) Control Irradiated pouch
Bacon 10 0.3 7.2 0.35
Bacon 190 0.3 5.8 1.13
Bacon 265 0.3 4.5 1.68
Ham 10 0.3 8.1 0.56
Ham 190 0.3 6.1 1.32
Ham 365 0.3 5.2 1.75
Pork 10 0.3 8.2 0.44
Pork 190 0.8 6.3 1.43
Pork 365 0.3 5.4 1.80

# Average of live ponches; non-destructive method of weighing under water.

b Average of four pouches.
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Takle 7. Organcleptic intensity values ® for bacon, ham, and pork after storage.?

Storage
Food time
produet (days) Discoloration ¢ Off-odor ¢ Mushiness © Friability © Radiation flavor ¢
Bacon 10 1.1 (1.0) 1.0 (1.3)
40 1.8 {1.2) 1.4 (1.2)
100 1.2 (1.1) 1.0 {..)
180 1.8 (1.1) 1.4 {...)
260 id (1.2) 1.1 (..}
365 1.3 (1.2) 1.3 (1.0)
Ay 1.85 {1.13) 1.20 (1.17)
Ham 10 2.9 . 3.3 (1.2) 1.9 (1.3) 2.0 {1.2)
40 3.1 (1.1) 2.3 (1.5) 2.8 (2.0) 2.9 {1.6)
100 2.3 (2.0} L.7 (1.5) 1.6 (1.8) 2.9 {1.0)
190 e 2.4 (....) 2.0 (...} 2.6 (1.3}
260 e 1.9 (...) 2.6 (1.7) 2.4 (1.0}
365 2.8 (1.8} 2.1 (1.7) 2.8 (2.0) 2.8 (1.0}
Av 2.78 (1.53) 2.28 (1.48) 2.20 (1.76) 2.77 (1.15)
Pork 10 2.2 (L.BY 2.2 {1.3)
40 1.5 (1.1) 1.6 (2.0) 1.8 (2,0} 2.3 (L.2)
100 1.4 (1.4) 2.9 (1.9) 2.9 (1.5) 2.0 (1.0)
190 e 2.0 (....) 1.8 (1.4) 2.2 (...}
260 1.3 (1.4) 2.1 (1.8) 2.4 (1.8) 2.3 (1.8}
865 11 (1.0) 2,1 {1.8} 2.6 {1.4) 1.8 (1.6)
Av 1.32 (1.22) 2.15 {1.86) 2.20 (1.B2) s 2,18 (1.34)

% Intensity scale used: l—none, 2—trace, g—small, 5—moderate, T—strong, and 9—exXtreme,

b Mean scores; 5 panelists.
¢ Prozen control values are in parentheses.

R.R.C — CH, band at 888 e, There '

is an inerease in both hydroxyl (3350
em™), and earbonyl (1730 em™)
bands, indicating the formation of
oxidation produets.

Chemical and -Organoleptic Food
Evaluation. Towmicity. No toxieify
symptoms of any type were observed
in young white mice injected intra-
peritoneally with the filtrates of the
irradiated meat samples after storage
up to one year.

Bactericlogical. Plate counts of all
irradiated samples used in organclep-
tie testing were less than 10 wmiercor-
ganisms per g—hased on the sinallest

P
RRC=CH;
BEFORE ARADIATIGH

ABSURPTION

T S R SO S S
4000 2 Tone  E0G W00 ieoD | 1200 WoD  BO%
FREGUENCY 1N T

Fig. 1. The effect of Cobalt-60 irradia-
tion (6 Megarad) in air on medium den-
sity polyethylene.

dilution plated. Even though the
frozen eomtrol samples were stored at
—29°¢C, they contained moderate
number of microorganisms ranging
from 10° to 10" gram of sample.
Organoleptic. Table 7 lists the in-
tensity seores for pertinent undesir-
able characteristies that are present
in irradiated meat samples. Table 8
presents the preference scores for the

same meat samples. Although the in-

tensity and preference seore data were
not analyzed statistically, they do per-
mit specific econclusions based on our
extensive experience with irradiated
foods. )

In general, the intensity scores (Ta-
ble 7) ranged from 1 (none) to 3
{slight), indieating small off-flavor,
ete., in the three foods investigated.
Even though the panelists were trained
to detect small differences in the gual-
ity characteristics of the irradiafed
foods, several panelists gave similar
seores to the frozem control samples,
indicating that one is dealing with dif-
ferences that are very small and hardly
detectable by an expert panel. Based
on the evaluations of the panel the
following eonclusions ean be made for
the test samples:

Bacon: Irradiated samples were
comparable to the countrol in that they
were free from off-odor and irradia-
tion flavor.

Ham: Slightly less infense eured
meat color (diseoloration in Table 7)
was noticed in irradiated samples.
Qff-odor and irradiation flavor were
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also detecied, as is always the case for
ham samples irradiated at ambient
room temperature with a dose of 4.5
megarad, Irradiated samples were
more tender than control samples as
shown by slightly inereased mushiness
seores; however, they showed a tfen-
deney to fall apart more easily than
the control samples as shown by the
friability scores. :
Pork: As ham, the irradiated pork
samples showed a slight increase in
off-odor, mushiness, and irradiation
flavor compared to the econfrol sam-
ples. Although the data. for “discol-
oration” don’t show any difference
hetween irradiated and control sam-
ples, normally enzyme-inactivated pork
irradiated at a dose of 4.5 megarad
has a pink eolor inside the samples.
The relatively thin samples used in
this stndy were probably responsible
for the ahsence of pink color,
Preference scores {Table 8) indi-
cated that the three irradiated meat
products were sceeptable. DBaeon and
pork samples were rated as egually
aceeptable as frozen controls. Ham
samples were rated lower than frozen
controls, probably hecause of the
slight irradiation flavor, mushiness,
and discoloration as shown in Table
7. Storage time had no pronounced
effect on the preference scores.
Chemical Daia. Mean values of
duplieate chemical analyses are listed
in Table 9. The values obtained for
oxidative rancidity as measured by
the 2-thicharbiturie acid (TBA) fest



Table 8. Preference scores ® for bacon, ham, and pork-packaging: “Pouch B.,"

Storage time

{days) Bacon ¢ Ham 4 Pork 4

10 7.30 (7.0)¢ 5.7 {8.3) 5.7 (5.8)

4 5.3 (7.1) 6.1 (6.8)
100 7.0 (... 5.9 (7.1) 5.8 (6.1}
190 7.4 {....) 5.8 {....) 6.9 { .-}
260 71 (.9 6.5 (.. 6.4 (..}
865 7.5 (7.3) 5.6 (6.3) 6.1 (6.6}
Av T7.26 .(7.15) 5.96 (7.20) 6.15 (6.20)

2 Mean scores for eight member panel; range of seoring: 9, like extremely, 1, dislike extremely,

b Irradiated sample mear values.

e Frozen contro! sample (—29°C) mean values.

4 Bacon served fried; ham served cold; pork served cold.

Table 9. Chemical data® for irradiated

and frozen control samples: ““Pouch B.”

pH TBA b Peroxide ¢ Free fatty acid ¢
Meat - -

product Inifial 1¥yr. Initial 1y Initial 1 yr. Ianitial 1 yr,
Bacon
Control 6.74 6.12 0.10 074 0.22 1.2 1.31 2.7
Irradiated 8.60 6.21 4.16 0.18 ¢.12 0.61 1.28 1.7
Ham
Control 6.30 6.28 0.13 0.26 11.7 3z . 0.88
Irradiated 6.28 6.41 0.21 0.08 4.5 a8 L. 1.60
Pork
Control 5.80 613 7.5 11.4 5.2 630 . i1
Irradiated 5.81 6.04 1.6 ¢.99 1.6 52 ... 1.7

2 Average of duplicaste analyaes.
& Mg, malonaldehyde per 1000 g. of sample,

¢ Milliequivalents of peroxide per 1000 g. extracted fat.

4 Percent as oleic acid.

appear to bhe low for both frozen and
irradiated bacon and ham samples.
Saslaw (1965) presented data indi-
cating that the TBA test might not
be totally reliable as a measure of the
extent of oxidation of the naturally
oceurring  highly unsaturated fatty

acids in irradiated foods. It was
found that besides malonaldehyde
other “unidentified ecarbonyl ecom-

pounds” react with TBA.

The TBA data for pork indicate
that irradiated samples were less oxi-
dized than the frozen control samples.
Peroxide values for irradiated prod-
ucts are lower than those of frozen
control samples, This reduetion could
be attributed to (1) less available oxy-
gen being present (in vacuum pack-
aging) to react with free radicals
produced by irradiation, and (2) ac-
eelerated decomposition of fat hydro-
peroxides normally . present in the
meat produets. Differences in free
fatty acid values of irradiated and
frozen control samples are very small.
The higher values for the irradiated
ham and pork samples may be at-
tributed to direct action of radiation.

CONCLUSIONS

Four of the five commercially avail-
able flexible materials evaluated did

not have the requirved protective gquali-
ties and resistance to radiation for use
in prepackaged radiation sterilized
meat produets,

One laminafe, employing medium
density polyethylene as the food con:

tacting film, was found to be satisfacs
tory for packaging bacon, ham and:
pork and their storage over the one’

year period. Preference scores, oh-

tained from the organoleptic evalua- -

tion, indieated the products were
acceptable. Storage time had no pro-
nouwnced effect on organcleptic ae-
ceptability. '

Research in the development of
flexible lightweight containers for ir-
radiated foods is being eontinued both
in-honse and on contract. Areas of
study include (a) determination of
the effeets of prolonged storage and
rough handling on protective charae-
teristies; (b) improved permeability
resistance to oxygen intake during
storage; and {e¢} evalonation of candi-
date films that will perform satisfae-
torily in laminates for prepackaged
electron irradiated foods—radiation
being ecarried out at —65°C to
—80°C.

It should be noted that flexible
pouches used in this study must be
enclosed in a proteective jacket to form

[5]

a funectional package.
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